ANSWER: Measures of validity were strong for the majority of variables evaluated while those with moderate agreement were FSH levels, oocyte origin and elective single embryo transfer.
Introduction
In 2001, the Royal Commission for New Reproductive Technology estimated that one-quarter of a million Canadian couples have difficulty conceiving (Norris, 2001) . More recent data from the Canadian Community Health Survey in 2010 estimated that infertility affects 11.5-15.7% of the Canadian population, representing half a million Canadian couples (Bushnik et al., 2012) . The decision to delay childbearing has become more common due to competing goals of advancing education or pursuing employment opportunities, a trend that is increasing the number of couples that need to rely on ART to conceive. The public health burden and indirect costs of infertility treatments can largely be attributed to the maternal and fetal complications of pregnancy, specifically preterm delivery and multiple gestation, which can increase the cost of care by 3-fold (Connolly et al., 2010) . In Canada, the incidence of preterm birth in treated infertile couples in 2014 was 24-28% (Canadian Assisted Reproductive Technologies Register (CARTR) Plus, 2015), three times higher than the general obstetrical population (Public Health Agency of Canada, 2017) . Other complications that contribute to the indirect cost include ectopic pregnancy, placenta previa and preeclampsia, which also have a higher incidence among ART pregnancies (Maymon and Shulman, 1996; Romundstad et al., 2006; Pandey et al., 2012) . Despite the elevated risks for these conditions, their absolute incidence remains low (Sazonova et al., 2011) , forcing researchers to often rely on large database-derived cohorts for ART studies for practical reasons.
Both health administrative and registry databases are excellent sources of data for research purposes as they are relatively inexpensive and easily accessible and are collected on a population scale (Iron and Manuel, 2007; Benchimol et al., 2011) . These data can be used for evaluating access to and quality of health care, health service planning, reporting to governing bodies and clinical research (Iron and Manuel, 2007) . However, routinely collected data are generally not collected with the intent of performing research (Benchimol et al., 2011) . As a result, studies reliant on these data are subject to misclassification, unmeasured confounding due to missing variables and missing data (Benchimol et al., 2015) . The accuracy of routinely collected data is subject to errors from inter-observer discrepancies, documentation problems, illegible charts, missing data elements and timeliness of input into the database (Hierholzer Jr, 1991) . In order to establish an adequate quality of data and reduce potential misclassification bias in research, studies to measure the accuracy of variables contained within health databases are highly recommended as per the REporting of studies Conducted using Observational Routinely-collected Data guideline (Benchimol et al., 2015) .
The Canadian Assisted Reproductive Technologies Register (CARTR) Plus is a national database, administered by Better Outcomes Registry & Network (BORN) Ontario, which has collected individual patient data for all patients undergoing IVF since 2013 from all 33 ART clinics across Canada. CARTR Plus is the only database in Canada to contain national IVF data, and the accuracy of the data has not yet been assessed. Because these data may be used to inform policymakers regarding ART funding decisions and as a source of information for clinicians and researchers about current fertility practices and effectiveness and safety of ART treatments in Canada, it was both prudent and timely to conduct a validation study of CARTR Plus. The primary objective of our study was to evaluate a subset of clinically relevant variables from CARTR Plus to determine the extent to which key study variables are accurately documented in the database.
Materials and Methods

Study design
This data quality study evaluating the data translation process of CARTR Plus database examined IVF cycles from 1 January 1 2015 to 31 December 2015 using patient chart reabstraction as the gold reference standard.
Clinic and chart selection
Upon obtaining ethics approval from The Ottawa Hospital (approval # 20160862-01H), a targeted sample of clinics across Canada was selected and invited to participate in this validation study. Six clinics (out of 33 operating at the time) were selected using purposive sampling to maximize clinic variation in annual cycle volume, geography and mode of data entry into CARTR Plus (i.e. manual entry through a secure web portal versus data upload through an electronic medical record (EMR) system directly to BORN Ontario). The identifier for each clinic was encoded in the database by a third party not involved in the clinic selection, and its name was only revealed after the clinic was chosen. We selected our six clinics from five Canadian provinces. Three of the clinics uploaded their data manually, and the other three uploaded data through various EMR systems. We chose two clinics from each 'small', 'medium' and 'large' category based on an annual cycle volume of ≤500, 501-999 ≥1000, respectively. We only selected from clinics that were considered 'good' or 'excellent' in their completeness and timeliness of data input (determined based on the degree of missingness of key data elements submitted monthly by clinics, as well as the clinics' final submission prior to the development of the annual report). Five of the initial six clinics agreed to participate. A sixth clinic with similar characteristics to the clinic that declined (in the same province, using the same data entry method and with a similar cycle volume) was invited in its place and agreed to participate.
At each study site, a fixed random sample of 146 patient cycles was drawn centrally by a data analyst at BORN Ontario who was not involved in the data extraction or analysis of this project (see below for sample size calculation). Only a single treatment cycle record from a unique patient at each clinic was considered during chart selection. The identified charts were then retrieved by the clinic.
Data extraction
We identified 25 key data elements from CARTR Plus for validation, chosen based on clinical importance using guidance from the literature, and the consensus of a clinical expert group from the CARTR Plus Steering Committee, Data Elements Committee and Data Quality Committees (see Supplementary Table SI for the complete list of variables and means or prevalence estimates from [2013] [2014] [2015] . Database variables with missingness greater than 30% were not considered for validation as they are likely to have high agreement with chart data but provide little insight into the mechanism behind the missingness (Dunn et al., 2011) . Moreover, BORN Ontario has a policy of not reporting data with missingness above this threshold.
Data from each selected chart were abstracted by one of two independent auditors who were blinded to data from CARTR Plus (V.B. and M.J.). To establish inter-rater reliability, the auditors first pilot- tested the reabstraction process using 15 patient records at each study site after standard definitions and processes for chart reabstraction were developed. Differences between abstractors were discussed and resolved. Upon reaching 95% agreement for all variables, each auditor then separately abstracted data from the remaining sampled charts. The abstracted data were entered and managed in REDCap (hosted at The Children's Hospital of Eastern Ontario Research Institute) with de-identified patient information. REDCap is a secure web-based application that encrypts input data ensuring that patient privacy is maintained (Harris et al., 2009) . Each REDCap entry of chart data was double-checked for errors.
Statistical analyses
We analyzed characteristics of the sample groups using frequencies for categorical variables, and means and SDs or medians and interquartile ranges (IQR) for continuous variables, stratified by source of data (reabstracted versus database-derived). Reabstracted data from charts were considered the reference standard.
Sensitivity reflects the proportion of all records in which a diagnosis or procedure is documented on the medical chart that are also entered as such into the CARTR Plus database. Specificity reflects the proportion of all records in which a diagnosis is not documented in the medical chart and is also not entered into the database. The positive predictive value (PPV) denotes the proportion of diagnoses entered into CARTR Plus that were also entered as such in the medical chart, representing the accuracy of the database. The kappa coefficient represents the agreement between the two data sources while accounting for agreement or disagreement due to chance (Sim and Wright, 2005) .
For categorical variables, we calculated kappa coefficients, sensitivities, specificities, PPV and negative predictive values (NPV) with 95% CI. For continuous variables, we computed the median absolute difference between the two data sources and performed Wilcoxon signed-rank tests to assess for statistically significant differences. We also calculated and intraclass correlation coefficients (ICC) with 95% CI. Kappa coefficients and ICCs were graded according to the levels described by Landis and Koch (1977) . Percentage agreement was calculated for the each of the indicators. The primary analysis included combined data from each clinic to determine the agreement across all sites. We then performed sensitivity analyses to assess the measures of agreement at the level of the individual clinics for variables with low measures of validity (i.e. where the kappa coefficient was less than 0.80 or the ICC was less than 0.90). Statistical analyses were performed using SAS statistical software version 9.4 (SAS Institute Inc., Cary, NC, USA).
Hypothesis
We hypothesized that the calculated kappa coefficients and ICCs would be at least 0.80 and 0.90, respectively.
Sample size justification
We performed a priori sample size calculations to determine the number of records we would need to compare between the two sources (i.e. database and reabstracted medical charts). For continuous variables, this was based on being able to estimate an ICC of 0.90 with a 95% CI yielding a margin of error ±0.10 (Zou, 2012) . For categorical variables, the calculation was based on an anticipated kappa coefficient of 0.80 with a 95% CI yielding a margin of error ±0.10, using estimates of the prevalence for each of the categorical variables generated from historical CARTR Plus data (Donner and Eliasziw, 1987; Bartfay and Donner, 2001; Donner and Zou, 2002) . These calculations generated a minimum total sample size of 726.
Finally, in order to account for potential missing data of up to 20% for some elements (based on data from CARTR Plus from 2013-2015), we increased the total sample size to 876 patient charts to guarantee the ±0.10 margin of error. To ensure adequate accuracy at each site, a fixed sampling approach was undertaken; thus, 146 charts were randomly sampled at each of the six participating clinics.
Results
Six clinics agreed to participate in this study representing five Canadian provinces. The cycle volume per clinic in 2015 ranged from 329 to 2212. We collected data from a total of 876 patient charts. There were 12 charts that were not retrievable at one clinic site, which were assumed to be missing at random. To ensure adequate sample size, we randomly selected an additional 12 charts at this clinic to replace those that could not be retrieved. Among the 876 charts that were reabstracted, comparing data retrieved from patient records, variables with the greatest amount of missing data in CARTR Plus (as a result of not being entered) included Day 2-4 FSH (31% of reabstracted charts), antral follicle count (AFC) (38% of reabstracted charts), anti-Müllerian hormone (AMH) (62% of reabstracted charts) and oocyte origin (13% of reabstracted charts) ( Supplementary Table SII ).
Patient intake
The mean age of the patients and oocyte providers (either autologous or donors) was 35.5 and 34.6 years, respectively, and these values were similar between the two data sources (Table I ). The estimated ICCs for patient age and oocyte provider age were 0.99 and 0.86, respectively, indicating almost perfect agreement (Table II) . Among the subset of records with complete information documented on AFC and AMH in both data sources, there was almost perfect agreement between CARTR Plus and the reabstracted data with ICCs greater than 0.90 (Table II ). The ICC for FSH level was lower at 0.68 (95% CI: 0.64-0.72), though still in a range indicating strong agreement, and the median difference between the two sources was 0. The kappa coefficient for diminished ovarian reserve as a reason for treatment indicated strong agreement (κ = 0.72, 95% CI: 0.66, 0.78) and that for advanced female age was moderate (κ = 0.60, 95% CI: 0.53, 0.67) (Table III) . See Supplementary Table SII for complete 2 × 2 contingency tables for categorical variables. Of note, the PPV for advanced female age was only 0.56 (95% CI: 0.48, 0.63) (Table III) , indicating that if the patient was labeled as such in CARTR Plus, there is a 56% probability that she is actually ≥35 years of age.
Retrieval
According to the reabstracted chart data, over 90% of cycles used autologous oocytes, while CARTR Plus reported autologous oocyte use in 82% of cycles (Table I) . Oocyte source was missing for 13% of the cycles in CARTR Plus. The kappa coefficient for oocyte origin was in the moderate range, with overall agreement of 87% (Table III) . There was good agreement for fresh autologous oocytes and fresh donor oocytes between the two data sources. Most of the missing data on oocyte source in CARTR Plus was determined to be fresh own oocytes according to patient charts ( Supplementary Table SII ).
Embryology
An embryo transfer was performed in 80% of cycles that were not cancelled in both data sources (Table I) . Fifty-five percent of these transfers were single embryo transfers (SET) and 42% were double embryo transfers (DET) ( Table I ). There was nearly perfect to perfect agreement for all measures of validity for both embryo transfer (yes/no) and the number of embryos transferred when performed (Table III) . The kappa coefficient for elective SET or DET (eSET/eDET) was moderate at 0.55 (95% CI: 0.49, 0.61), with sensitivity, specificity and PPVs greater than 0.75. The NPV was much lower, though, at 0.58 (95% CI: 0.52, 0.64).
Embryos were transferred predominantly on Day 5 of development, but ranged from Day 2 to 6 in both fresh and frozen cycles. In CARTR Plus, embryo transfer day was either not reported for frozen cycles or was reported as Day 0. For fresh cycles, there was nearly perfect agreement for day of transfer between the two data sources. However, as transfer day for frozen cycles is either not recorded or is recorded as day 0, the ICC was unmeasurable (Table II) .
Over 90% of embryos were frozen using the vitrification technique after a fresh cycle. Determination of the cryopreservation technique for frozen cycles in CARTR Plus was derived from the data entered for the primary fresh cycle. Approximately 80% of embryos were cryopreserved by vitrification in the frozen embryo transfers (FETs). Eighty-three cycles were missing the method of cryopreservation in the CARTR Plus database ( Supplementary Table SII ). The weighted kappa coefficients for cryopreservation technique overall were quite strong for both frozen and fresh cycles. Among FET cycles, the percentage agreement was much lower than for IVF cycles. When broken down by technique, the kappas for vitrification and slow-freeze in frozen cycles were moderate. There was almost perfect agreement between CARTR Plus and the reabstracted data for number of embryos thawed and number of utilizable embryos after thawing.
Pregnancy
Thirty-three percent of all initiated cycles and 44% of cycles with an embryo transfer (289 clinical intrauterine pregnancies/655 cycles with embryo transfer) resulted in a clinical intrauterine pregnancy (Table I) according to the reabstracted data. Among these clinical pregnancies, ultrasound assessment detected one fetal sac in 77% and a single fetal heart in 71%, according to the reabstracted data. Chorionicity was only reported for multi-fetal gestations, representing 65 pregnancies, of which dichorionicity was most prevalent. There was very strong agreement for pregnancy type, number of fetal sacs on ultrasound and number of fetal hearts on ultrasound (Table III) . The overall kappa coefficients for all three variables were 0.90 or higher. Among the multi-fetal gestation pregnancies, however, the agreement for chorionicity was only 74% with a kappa coefficient of 0.29 (95% CI: 0.08, 0.51). 
Intake of patient
Sensitivity analysis-missing charts
An analysis of the 12 missing charts using data from CARTR Plus revealed similar patient and oocyte provider ages to the 876 charts included in this study. The mean FSH, AFC and AMH of the patients with missing charts were similar to that in the CARTR Plus. The oocyte source was fresh autologous for all ongoing cycles. There was a higher prevalence of advanced female age in the patients with missing charts compared to the study population. Lastly, all the frozen cycles were cryopreserved using slow-freeze technology rather than vitrification (see Supplementary Table SIII for full results).
Sensitivity analysis-assessment of clinic-specific results
Patient intake
For advanced female age, one of the six clinics (clinic 3) had a percentage agreement lower than 85% (Table IV ). There were 52 disagreements where the patient was reported as being advanced age in CARTR Plus, but not in the reabstracted dataset. However, if advanced female age was reported in the reabstracted data, they were consistently documented as such in CARTR Plus. FSH levels, AMH levels and AFC demonstrated particularly low agreement in Clinic 2. However, percentage agreement was generally poor for FSH and AFC across all clinics, with estimates ranging from 22.6 to 81.5%.
Embryology
The estimates for cryopreservation were much stronger for IVF compared to FET cycles. Among FET cycles, agreement was poor in four of the six clinics. A post hoc sensitivity analysis was performed to determine if there was a difference between eSET and eDET (Table V) . The percentage agreement for eSET and eDET was much lower at one particular clinic compared to the others (Table VI) . Furthermore, there was a stronger agreement among eSET on Day 3 of transfer compared to eDET. There was little difference between eSET and eDET among the other clinics or when stratified by cycle type.
Discussion
The CARTR Plus database, which began collecting data in 2013, is the only national database in Canada that collects detailed clinical information on IVF treatments, fertility diagnoses and outcomes. Our study, which assessed the data quality within CARTR Plus compared with reabstracted patient chart data, demonstrated that for most of the data elements selected the measures of validity were quite strong. The areas with moderate agreement were FSH levels, reason for treatment cycle, reason for a cancelled cycle, oocyte origin, eSET or eDET and chorionicity.
Missing data
In our study, we identified a minimum of 120 more laboratory test results and ultrasound reports in the chart reabstraction for FSH, AMH and AFC than were recorded in the CARTR Plus database. There was one clinic that did not enter any data into CARTR Plus for any of these test results, despite results being available on the medical charts for many of the patients. However, there was no identifiable trend (geographic location, method of data entry, size of clinic) that could account for the missing data among the other clinics. The FSH and AMH tests are often performed at laboratories off-site and results then scanned into patients' charts once they become available. These results may be challenging to find on the chart if there are many tests performed, or they may be recorded incorrectly or not at all. Furthermore, the estimates of agreement were especially poor for FSH. When values were recorded for AFC and AMH, there was good agreement. During the data reabstraction process, we noted that many patients underwent frequent FSH tests, which led to numerous disagreements between the auditors. As such, it is not surprising there was significant disagreement between the two data sources. We would not recommend using FSH, AMH or AFC in future research projects until the data entry process into CARTR Plus can be clarified and improved.
Misclassification
Advanced female age
As a woman ages, the number of oocytes remaining in her ovaries decreases and the probability of conception diminishes (Broekmans et al., 2009) . The Society of Obstetricians and Gynaecologists of Canada recommends referral to an IVF clinic among women aged 35 years or older after 6 months of trying to conceive (Liu et al., 2011) . However, there is no specific definition for 'advanced female age', likely a result of the continuous and progressive decline in live birth rates with advancing age. Problematically, in the CARTR Plus data dictionary, there was no specified definition for this variable until 2016, now delineated by age greater than or equal to 35 years. The lack of consistent designation likely contributed to a poorer degree of agreement. The estimated kappa coefficient for advanced female age was 0.60 while the percentage agreement between the two sources was 82.1%. The discrepancy between the kappa coefficient and percentage agreement demonstrates the importance of reporting multiple measures of validity to determine whether the data element is utilizable or whether changes are required to the database or data entry procedures. While the percentage agreement is a crude estimate, the kappa statistic adjusts for agreement due to chance, making it a more robust measure. The kappa coefficient, however, is affected by the distribution of positive and negative agreements (Feinstein and Cicchetti, 1990) . Additionally, if the estimated prevalence of a condition is unequal between two data sources, the kappa coefficient will be biased, leading to a larger estimate (Byrt et al., 1993) . Juurlink et al. (2006) argue that in certain cases, PPV and sensitivity are more valuable than the kappa coefficient (Juurlink et al., 2006; Benchimol et al., 2011) . With no specific guideline indicating which measure is ideal for reporting and heterogeneity in the literature on the chosen measurement, Benchimol et al. (2011) encourage reporting a minimum of four different measures of validity with corresponding CIs (Benchimol et al., 2011) .
Oocyte origin
The overall kappa for oocyte origin and specific kappa coefficients for fresh own oocytes were in the moderate range. However, the other measures of agreement, including percentage agreement, sensitivity, specificity and PPV, were more in keeping with strong agreement between the two data sources. Importantly, 106 treatment cycles (10% of charts) in CARTR Plus were missing information on this element. These missing data were evenly distributed among three clinics, two of which uploaded data directly from an electronic health record system and one that manually input data. The chart reabstraction data indicated that these missing values in the CARTR Plus database were predominantly fresh own oocytes, followed by 'other', which were largely frozen donor oocytes. We would, therefore, recommend if this variable is used in future research or surveillance projects, that an imputation strategy be considered that weights the probability that missing values were fresh own oocytes more heavily, followed by frozen donor oocytes.
eSET Elective SET or DET is defined as the selection of one (eSET) or two (eDET) cleavage-or blastocyst-stage embryos to transfer from a larger pool of viable embryos (Committee of the Society for Assisted Reproductive Technology of the American Society for Reproductive Medicine, 2012). The risk of multiple pregnancy after SET is significantly reduced for both cleavage-and blastocyst-stage embryos compared to DET (Pandian et al., 2013) . However, the decision to proceed with eSET, eDET or multiple embryo transfer is based on a number of factors, including policy recommendations to reduce the risk of twin or high-order multiple gestations, patient prognosis, and embryo quality (Min and Sylvestre, 2013; Pandian et al., 2013; Peeraer et al., 2014; Greenblatt, 2015) .
The Canadian Fertility and Andrology Society, the American Society of Reproductive Medicine and the UK National Institute for Health and Care Excellence have published recommendations to reduce the risk of multiple pregnancies by minimizing the number of embryos that are transferred in a single cycle while maintaining an adequate live birth rate (Committee of the Society for Assisted Reproductive Technology of the American Society for Reproductive Medicine, 2012; Min and Sylvestre, 2013; National Institute for Health and Care Excellence, 2013) . Our study demonstrated poor agreement in the measures of validity for eSET or eDET. Upon further examination, this difference was largely attributed to one clinic, where the individual kappa was 25%. While the overall percentage agreement for eSET was 83.2%, more than 80% of the disagreements were a result of the clinics mislabeling the transfer as non-elective when it was truly elective based on the reference standard. The agreement for the number of embryos transferred was nearly perfect. Newer studies are demonstrating that pregnancy rates may be higher and the prevalence of low birthweight in neonates lower for eSET compared to non-elective SET (Styer et al., 2016; Mersereau et al., 2017) . Based on the error trend we found, the risk of poor pregnancy outcomes with non-elective SET would likely be attenuated if such as study were carried out using the CARTR Plus database, assuming non-differential misclassification (Armstrong, 1998) .
Chorionicity
Sixty-five cycles were classified as multiple gestation, representing 20% of ongoing clinical intrauterine pregnancies where there was more than one fetal heart on ultrasound. Among these pregnancies, dichorionicity was most prevalent. In 2015, the prevalence of multiple gestation in the Canadian ART population was estimated to be 11% of ongoing clinical pregnancies (Canadian Assisted Reproductive Technologies Registry (CARTR) Plus, 2017). Thus, our sample over-represents multiple gestation pregnancies compared to the overall ART population. Although there were few disagreements between the two data sources, the PPVs for two fetal hearts and two fetal sacs should be interpreted cautiously, since PPV is highly influenced by the prevalence in the population (Altman and Bland, 1994) . With a sample prevalence greater than the true population prevalence, we expect that our PPV estimate was higher than the true value.
Additionally, for some of these pregnancies, the number of fetal sacs, hearts and placenta was based on an ultrasound performed in the clinic, at which point it may have been too early to definitively ascertain chorionicity. Other patients went to outside clinics for a later ultrasound, especially if they were undergoing treatments far from their place of residence. Thirteen cycles identified as dichorionic in CARTR Plus could not be corroborated on reabstraction. These entries may have been based on either the assumption that two embryos transferred should be dichorionic or from a postpartum pathology report that described two distinct placentas. These speculations cannot be verified as these data were not available at the time of reabstraction. Monochorionicity confers a significantly increased risk to the pregnancy compared to dichorionicity with respect to intrauterine fetal demise, preterm delivery and placental insufficiency (Hack et al., 2007) . These complications, which are more prevalent in ART pregnancies (Kanter et al., 2015; Mateizel et al., 2016) , may be inappropriately described if not accurately reported in the registry.
Implications for future use
The importance of ensuring validated data when using routinely collected data cannot be understated. When developing policy, such as reducing the rates of multiple gestation after ART by transferring the minimum embryos required to achieve pregnancy, we utilize data from registry and administrative health databases. A low sensitivity in multiple fetal hearts or in chorionicity (with a high false negative rate) could mislead the reader to believe that the health care practitioner is adhering to current practice guidelines. In our study, we found that variables reliant on clinical judgment had lower sensitivity, PPV and kappa estimates. Transcription or clerical errors from the chart into the database were less common.
In screening tests for disease, it may be safer to allow a higher false positive rate to maximize sensitivity; the specificity and PPV diminish. Consequently, further testing due to abnormally elevated estimates of disease would be warranted. In the context of code validity, when assessing the validity of serious or adverse outcomes (for example, ovarian hyperstimulation syndrome or multiple gestation), it would be reasonable to sacrifice the specificity and PPV to optimize sensitivity and ensure all cases are captured. If the prevalence of these conditions is higher than expected, investigation into determining etiology and practice changes would be warranted.
For oocyte source, the majority of error was based on missingness, which can largely be attributed to clerical error of failing to enter the information from the chart into the database. Importantly, researchers developing study protocols using ART populations often exclude participants based on the oocyte source, especially oocyte donor cycles. In our study, we found that 13% of patients with missing oocyte source actually were autologous. If these data are used in future research studies, 13% of the population would be inappropriately excluded. We, therefore, recommend researchers to use an imputation strategy to avoid excluding a large fraction of the population.
The variables of greater agreement were those that were based on laboratory values and discrete events (whether an embryo transfer was performed, number transferred, type of cycle initiated). Based on these findings, CARTR Plus users can rely on similarly structured data elements. Areas to use caution would be the diagnosis variables until case definitions can be better described. For example, rather than relying on the diagnosis of 'diminished ovarian reserve' as a reason for treatment, developing an algorithm incorporating markers of ovarian reserve, including AFC, serum FSH level and AMH, may be superior. These algorithms would need to be validated against a reference standard prior to their use.
Study limitations
Our sample of clinics was assembled to represent the Canadian population undergoing ART from clinics of varying sizes and varying regions of the country, and using different modalities of data entry. For practical reasons, we also selected clinics that were most adherent to timely and complete data submission to CARTR Plus. As such, our results may represent the more reliable clinics from a data collection perspective, which may limit generalizability. However, upon initiating improvements with respect to the way elements are entered, including training of those who input the data, these estimates will serve as targets for the rest of the clinics. Although only 25 data elements were evaluated in this project, CARTR Plus contains over 200 data elements. Nevertheless, our study represents the first formal assessment of data quality in CARTR Plus and we specifically selected variables for inclusion in our study based on high clinical importance. Ideally, a formal validation should be performed for other database variables prior to use.
Many studies in ART are now focusing their primary outcome on live birth rates, as this is most relevant to the patient population. While treatment cycle information is collected primarily at the clinics and entered in the CARTR Plus database, the mechanism for ascertaining birth outcomes differs by province and the data in some sites are entered many months after the birth occurs. For example, some clinics contact the patients directly to obtain birth outcome data, while in others these data are obtained from a hospital EMR. In the Ontario clinics, birth outcomes data are automatically populated into the CARTR Plus record via a record linkage with the BORN Ontario provincial birth registry database. At the time when we were designing our study, the processes used nationally for obtaining birth outcome data following IVF treatment cycles were still under development and refinement in the new data system. We therefore opted to restrict our validation to treatment cycle information. Future research to assess the validity of birth outcome data in CARTR Plus should be performed as an extension to this study.
What our study adds to current literature
Notwithstanding these limitations, this study is strengthened by the rigorous methodology we adopted to ensure that abstractors were meticulous in the data reabstraction process. Definitions for data collection processes were created prior to initiation, inter-rater reliability was confirmed prior to abstracting data independently, and each chart was double-checked to reduce clerical errors. Moreover, the participating clinics were open and compliant with record sharing. Finally, this is the first study to our knowledge evaluating the validity of the data entry process for a national ART database performed in accordance with recommendations for reporting measures of both validation of administrative databases and diagnostic accuracy studies (Bossuyt et al., 2003; Benchimol et al., 2015) . Despite increasing utilization of health administrative databases and registries in research investigating pregnancy outcomes of fertility treatments, there is a paucity of validation studies in the literature for these routinely collected data. The Society for Assisted Reproductive Technology in the USA publishes an annual surveillance report with an appendix indicating only the percentage disagreement of selected variables in the American fertility database when compared with a sample of medical charts (Centers for Disease Control and Prevention et al., 2016) . As previously described, percentage disagreement does not account for agreement/disagreement due to chance, limiting its measurability of accuracy. Additionally, the recommended measures of validity, including kappa coefficients, sensitivity, specificity or NPVs and PPVs, were not utilized, thereby making it difficult to interpret the accuracy of the presented information or to compare with our own results (Benchimol et al., 2011 (Benchimol et al., , 2015 .
Conclusion
In conclusion, our study provides the first assessment of the quality of the data translation process from the patient record to the registry for CARTR Plus. This is also the first evaluation of the validity of data entry of an ART database adherent to reporting guidelines for validation studies. The methodologic rigor utilized in the design and analysis should serve as a guideline for future studies of this nature. The majority of elements we assessed demonstrated a high level of validity which can be used for future projects. We have identified key data points that are either too often lacking or inconsistent with chart data, indicating that changes in the data entry process may be required.
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